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FROM CEREBROSPINAL FLUID OF MICE INFECTED
WITH ANGIOSTRONGYLUS CANTONENSIS ASSAYED
IN A MICROCHAMBER
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When non-permissive hosts are infected with Angiostrongylus cantonensis, the migration of the worms to
the brain and their subsequent development manifests as marked eosinophilic pleocytosis. We used
microchambers to demonstrate direct eosinophil chemotactic activity by adding a variety of antibodies
into cerebrospinal fluid (CSF) of BALB/c mice 21 days post-infection with A. cantonensis. The antibodies
were directed to neutralize eotaxin, RANTES (regulated on activation, normal T-cells expressed and
secreted), macrophage inflammatory protein (MIP)-1α, and platelet-activating factor (PAF), respectively.
Eosinophil migration into the polycarbonate membrane covering CSF with anti-eotaxin or anti-MIP-1α
antibodies was significantly lower than that for antibody-free CSF (Student’s t test: p < 0.01, p < 0.05).
We also collected CSF from mice 21 days after infection with 10, 20, 30, 40, and 50 third-stage larvae (L3)
respectively for dose-dependent testing, and 40 L3 at days 7, 14, and 21 after infection for time-dependent
testing. Chemokine production in CSF was affected by A. cantonensis infection intensity and post-infection
time. In conclusion, eotaxin and MIP-1α released in the CSF of A. cantonensis-infected mice have eosinophil
chemotactic activity in this in vitro assay.
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Angiostrongylus cantonensis is a parasitic nematode living
in the rat pulmonary artery. However, in non-permissive
hosts, the larvae of this parasite migrate to the brain and
develop into young adult worms that ultimately perish in
the brain. Infections in non-permissive hosts are usually
accompanied by marked eosinophilic pleocytosis, which
in turn serves as an important diagnostic criterion for the
disease [1].
Mice have been used as a surrogate model of the human
infection. Mice infected with A. cantonensis develop marked
eosinophilia in their cerebrospinal fluid (CSF), peaking on
day 20 post-infection [2]. There is much evidence that
eosinophils have an important role in the pathophysiology
of parasitic and allergic diseases [3,4]. Migration is an
essential aspect of the process by which eosinophils mobi-
lize in an area of allergic inflammation [5].
Chemokines are low-molecular-weight chemoattrac-
tant cytokines that play an important role in leukocyte traffick-
ing to the inflammatory site. A variety of molecules that are
chemotactic for eosinophils, monocytes, and lymphocytes
have been identified, including CC chemokines such as
eotaxin, RANTES (regulated on activation, normal T-cells
expressed and secreted), and macrophage inflammatory
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protein (MIP)-1α and lipid mediators such as platelet-
activating factor (PAF) [6–9].
Levels of eotaxin in the CSF of infected mice increase
dramatically during the course of infection, and the increase
is not only infection time-dependent but also infection
intensity-dependent [10]. However, it is not clear wheth-
er the eotaxin produced in the CSF of infected mice has
eosinophil chemotactic activity. In this study, we inves-
tigated the effects of antibodies to chemotactic factors on
the recruitment of eosinophils in CSF of BALB/c mice after
infection with A. cantonensis by in vitro models of chemotaxis.
MATERIALS AND METHODS
Parasite and infection
A. cantonensis originally obtained from a field mollusc host
(Achatina fulica) was propagated for several years in our
laboratory by cycling it through rats and snails (Biomphalaria
glabrata). A. cantonensis third-stage larvae (AcL3) were
harvested from B. glabrata snails after treatment with arti-
ficial gastric juice [11].
Male BALB/c mice aged between 6 and 8 weeks, orig-
inally obtained from the National Laboratory Animal
Breeding Research Center, Taipei, Taiwan, were maintained
in our laboratory animal center with control of light (12
hours illumination), temperature (22 ± 2°C), and humidity
(50 ± 10% relative humidity). Each of 72 mice was orally
infected with 40 AcL3 by oral-stomach tube after mild
anesthesia with ether. Mice were sacrificed at 7 (n = 8), 14
(n = 8), and 21 days (n = 56) post-infection. Another 40 mice
were equally divided into five groups and each group was
similarly infected with 10, 20, 30, 40, or 50 AcL3. All mice
were sacrificed at 21 days post-infection.
CSF collection and worm recovery
Following exsanguination, the skull of each mouse was
opened and the brain removed. The brain was washed with
150 µL of minimum essential medium (MEM). Concurrently,
the cerebral ventricles and cranial cavity were washed with
150 µL MEM. Harvested CSF was centrifuged in a small
plastic centrifuge tube (260g, 10 minutes, 4°C). The super-
natant was stored at –20°C until further use. The brains
were then teased into small pieces and worms recovered
and counted under a dissecting microscope.
Collection of mouse eosinophils
Eosinophil-rich peritoneal exudate was obtained from
C57BL/6 mice 2 weeks after exposure to 800 Toxocara canis
embryonated eggs. In order to obtain the exudate, each
mouse was injected intraperitoneally with 1.5 mL of 10%
proteose peptone followed after 48 hours by washing with
5.0 mL of Dulbecco’s modified Eagle’s medium (DMEM;
BioWhittaker, Taufkirchen, Germany) containing 0.25%
sodium citrate solution, as described elsewhere [12].
Smeared cells were stained with May-Grunwald Giemsa
solution (Muto Pure Chemicals Ltd, Tokyo, Japan). Of 7.5 ×
107 cells, 58 ± 3% were eosinophils, 31 ± 2% were monocytes,
and 10% were lymphocytes and others. Viability of the cells
was more than 95%, as determined by trypan blue exclusion.
Antibodies and reagents
Neutralizing rat anti-mouse monoclonal antibodies to eo-
taxin, RANTES, and MIP-1α were purchased from R&D
Systems Inc (Minneapolis, MN, USA). A stock solution of
1.0 mg/mL was prepared for each antibody, according
to pretests. Anti-PAF from a commercial PAF assay kit
(Amersham Biosciences, Piscataway, NJ, USA) was used.
Antibody solution (1 µL of stock) was added to 30 µL of CSF
specimen.
Eosinophil chemotaxis
Eosinophil chemotaxis was assessed using a 48-well
microchamber (Neuro Probe Inc, Gaithersburg, MD, USA)
[13]. The lower and upper chambers were separated by
a polycarbonate membrane with 5 µm pores. The lower
chamber was filled with 30 µL of CSF alone or CSF with
anti-chemokine monoclonal antibodies. Eosinophil sus-
pension (40 µL, 106 cells/mL) in DMEM supplemented
with 0.1% bovine serum albumin (Boehringer Mannheim
Gmbh, Mannheim, Germany) was placed in the upper
chamber.
The chemotaxis chamber was incubated at 37°C in a
water bath for 30 minutes. The membrane was removed
and non-migrated cells were scraped off the upper side of
the membrane with a cell scraper (BD FalconTM, Franklin
Lakes, NJ, USA). The membrane was stained with Giemsa
solution. The number of eosinophils migrated into the
membrane was quantified under light microscopy by
counting 10 different random high-power fields. Each
experimental condition was performed in triplicate.
Statistics
Results are presented as mean ±  standard deviation.
Differences between groups were tested for significance
using Student’s t test. The relationships between worm
recovery and eosinophil chemotaxis were tested using the
F test. A p value less than 0.05 was considered significant.
Eotaxin chemoattracts eosinophils
211Kaohsiung J Med Sci May 2004 • Vol 20 • No 5
RESULTS
Eosinophil chemotactic response during the course
of infection
The chemotactic responses of eosinophils at different times
following infection with 40 AcL3 are shown in Figure 1.
Eosinophil migration gradually increased from 14 ± 13 at
week 0 to 153 ± 28 at week 3 post-infection. The increase
reached significance even after only 1 week of infection
(39 ±  12; p < 0.05), followed by a marked and significant
increase in the third week (p < 0.0001).
Effect of antibody neutralization
Eosinophil migration to CSF from uninfected mice was
16 ±  7. In striking contrast, eosinophil migration to CSF
from mice at day 21 after infection with 40 AcL3 was 109 ±
29 (Figure 2). Eosinophil migration to CSF from infected
mice with monoclonal antibodies to eotaxin, MIP-1α,
RANTES, and PAF were 26 ± 18, 59 ± 23, 113 ± 10, and 99 ±
31, respectively. The simultaneous presence of these four
antibodies in CSF produced an eosinophil migration of
34 ± 23. Migration was significantly lower when antibodies
to either eotaxin (p < 0.01) or MIP-1α (p < 0.05) were present.
Eosinophil chemotactic response following
infection with different numbers of A. cantonensis
Figure 3 shows the eosinophil chemotactic responses to
CSF observed 21 days post-infection with different recovered
numbers of A. cantonensis. The infected mice were divided
into six groups, according to the worm counts in the brain.
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Figure 1. In vitro eosinophil chemotactic activity of chemoattractants
in cerebrospinal fluid (CSF) from mice after infection with 40 larvae of
Angiostrongylus cantonensis. Eosinophil chemotactic activities of
CSF from mice at 1, 2, and 3 weeks after infection were all significantly
higher than those of CSF from uninfected mice (Student’s t test: *p <
0.05, †p < 0.0001).
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Figure 2. In vitro inhibition of eosinophil chemotaxis in cerebrospinal fluid
(CSF) from mice infected with 40 larvae of Angiostrongylus cantonensis
at day 21 by anti-chemoattractant antibodies. Eosinophil chemotaxis was
assessed using 48-well microchambers equipped with a polycarbonate filter
with 5 µm pores and expressed as the total number of migrated eosinophils
per 10 high-power fields. CSF with anti-eotaxin and anti-MIP-1α  antibodies
significantly inhibited eosinophil migration compared to CSF devoid of
antibodies. *p < 0.05, †p < 0.01. MIP-1α = macrophage inflammatory
protein-1α; RANTES = regulated on activation, normal T-cells expressed
and secreted; PAF = platelet-activating factor.
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Figure 3. In vitro eosinophil chemotactic activity of chemoattractants in
cerebrospinal fluid (CSF) at 21 days post-infection following recovery of
varying numbers of Angiostrongylus cantonensis. Eosinophil
chemotactic activities of CSF from infected groups were all significantly
higher than CSF from uninfected mice (Student’s t test: *p < 0.05, †p <
0.001)
*
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When the worm counts were 1–8, 9–16, 17–24, 25–32,
and 33–40, the respective number of eosinophils that mi-
grated into the membrane were 43 ± 22, 114 ± 58, 137 ± 45,
153 ± 38, and 33 ± 9. CSF from uninfected mice produced an
eosinophil chemoattraction of 13 ± 3. There was a tendency
toward greater eosinophil migration with higher intensities
of infection, but the group with the highest infection inten-
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sity did not follow this pattern. All infecting intensities of
A. cantonensis produced significantly greater eosinophil
migration than no infection (all p < 0.05).
Correlation between eosinophil chemotaxis and
worm recovery
Figure 4 shows the relationship between worm recovery
and eosinophil chemotactic activities in CSF of 32 infected
mice with worm burdens lower than 32 at week 3 after in-
fection. Activities of eosinophil chemotactic factor in the
CSF correlated significantly with worm counts in the brains
of infected mice (F test, p < 0.01).
DISCUSSION
In a non-permissive host such as a mouse or guinea pig,
infection with A. cantonensis leads to the appearance and
accumulation of eosinophils in CSF, with a peak level
attained around 20 days post-infection [2]. Several lines of
evidence support the contention that eosinophils play an
important role in a non-permissive host, perhaps as a
gradient between peripheral blood and CSF during A.
cantonensis infection. Death of intracranial worms in mice
occurs in parallel with CSF eosinophilia, suggesting that
CSF eosinophils could be associated with the killing of the
worms [14]. Interleukin (IL)-5 transgenic mice infected with
A. cantonensis also demonstrate high CSF eosinophilia
and lower intracranial worm recovery [15]. Eosinophilia is
lessened and worm recovery enhanced in these C57BL/6
mice by treatment with anti-IL-5 monoclonal antibody [16].
In addition, eosinophil counts in the CSF of three strains
of mice at day 20 are significantly higher than those in
peripheral blood after infection with A. cantonensis [17].
Eotaxin is a potent and eosinophil-specific chemo-
attractant that selectively induces eosinophil accumulation
in allergic animal models [18,19]. Determinations of the
eotaxin concentration in the CSF of infected male BALB/c
mice reveal that significant elevations are dependent on
infection time and worm load [10]. However, whether the
increased eotaxin in CSF has eosinophil chemotactic activity
is still uncertain. Furthermore, eosinophil migration through
tissues may be augmented by other chemokines that also
operate on the receptor of CCR3, namely RANTES, MIP-1α,
and lipid mediators (PAF).
In order to demonstrate direct eosinophil chemotactic
activity, we collected eosinophils from the peritoneal cavi-
ty of C57BL/6 mice infected with T. canis [12]. Using these
eosinophils, we showed that anti-eotaxin and anti-MIP-1α
antibodies significantly inhibited the chemoattractant
properties observed in an in vitro microchamber assay.
In contrast, anti-RANTES and anti-PAF antibodies failed
to inhibit the migration of eosinophils to the CSF at 21 days
post-infection. When radio-labeled 111In-eosinophils were
used for chemotaxis, only eotaxin and MIP-1α induced sig-
nificant recruitment of eosinophils into sites of mouse
skin pretreated with ovalbumin [20]. Although RANTES
appears to activate human eosinophils via the eotaxin
receptor CCR3 [19,21], in the present study, RANTES
did not induce significant recruitment of eosinophils. This
is consistent with the lack of effect of RANTES on the
levels of intracellular calcium in murine and guinea pig
eosinophils [19,22,23]. Blocking eotaxin with a polyclonal
antibody or by the targeted disruption of the eotaxin gene
markedly inhibits the number of eosinophils in the
bronchoalveolar fluid of mice [24,25]. Pretreatment of
mice with an anti-CCL11 (eotaxin) polyclonal antibody
effectively inhibits (81% inhibition) the recruitment of
eosinophils [26]. Similarly, challenge with antigens of
the parasite Onchocera volvulus inhibits eosinophil re-
cruitment into the eyes of eotaxin-deficient mice by 50%
[25]. These studies provide strong evidence of an important
role for eotaxin in inducing eosinophil recruitment into
CSF infected with A. cantonensis.
The concentration of the chemokine monocyte chemo-
tactic protein-1 in serum varies in a dose-dependent man-
ner with Trichinella spiralis [27]. In our study, eosinophilic
migration increased as A. cantonensis infection intensity
increased from 1–8 to 9–16. Thereafter, the infective dose
had no effect or, at the highest A. cantonensis dose, was cor-
related with a lower eosinophil migration. When we ana-
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Figure 4. Correlation between worm counts and eosinophil chemotactic
activities in cerebrospinal fluid among 32 mice at week 3 after infection
with Angiostrongylus cantonensis. Eosinophil chemotactic activity
was positively correlated with infection intensity (F test: p < 0.01).
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lyzed the correlation between CSF eosinophil chemotaxis
concentration and infection intensity of each mouse infected
with A. cantonensis, there was a significant positive cor-
relation with worm burdens of less than 32. This may be a
consequence of anorexia caused by the high infectious
dose. The resultant loss of body weight may have weakened
the immune response in the test mice [28].
Infection with A. cantonensis is associated with the
development of CSF eosinophilia by 7 days post-infection,
with a rapid increase by day 21 [2]. In the present study, the
in vitro chemotactic response of eosinophils was time-
dependent, reaching a peak at 21 days post-infection and
paralleling the eosinophil results.
In conclusion, we demonstrated direct eosinophil
chemotactic activity in the CSF of mice infected with
A. cantonensis using an in vitro microchamber assay. We
showed that eotaxin and MIP-1α cause eosinophil recruit-
ment into the CSF of infected mice. Finally, activities of
eosinophil chemotactic factors produced in CSF are af-
fected by the infection intensity and expressed in a time-
dependent manner.
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